SIZE REDUCTION OF CHIP MOUNTING SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

5 The present invention relates to a flip chip 

mounting system for manufacturing relatively small 
products such as CSPs (Chip Size Package) or MCMs (Multi 
Chip Module), and more particularly to a substrate supply 
method, a substrate supply apparatus and a chip supply 
10 apparatus in such a chip mounting system, and a chip 
mounting system including those apparatuses. 

2. Description of the Related Art: 

A conventional flip chip mounting system for 
manufacturing CSPs or MCMs with a configuration shown in 

15 Fig. 1 and Fig. 2 is known, for example. The flip chip 
mounting system (hereinafter referred to as "chip 
mounting system'') includes a substrate supply apparatus 
for supplying substrates, a chip supply apparatus for 
supplying chips and a flip chip mounting apparatus for 

20 mounting chips supplied by the chip supply apparatus on a 
substrate supplied by the substrate supply apparatus. 

The substrate supply apparatus is configured to 
carry a substrate supplied from substrate magazine 1 by 
substrate conveyor 2 and to receive the substrate at a 

25 conveyor (not shown) provided on stage 3. Stage 3 

includes an XY axis driving mechanism movable in a range 



shown as A in Fig. 1 to allow stage 3 to move to a 
position where the substrate can be received or released. 
The received substrate is carried to a predetermined 
position on stage 3 by the conveyor of stage 3, and then 
is absorbed and fixed to stage 3 with the decent of the 
conveyer. 

In a conventional chip mounting system, a substrate 
for multiple devices consisting of multiple discrete 
substrates is used. To deal with such a substrate for 
multiple devices, the chip mounting apparatus is 
configured to absorb the entire substrate for multiple 
devices with stage 3 such that chips can be mounted all 
over the substrate for multiple devices except the area 
to be discarded. 

Specifically, as shown in Fig. 3, chip mounting 
head 17 (described later) and/or stage 3 are configured 
to be movable to allow the relative movement of chip 
mounting head 17 within a mounting area including the 
entire surface of substrate M for multiple devices. 

A chip supply apparatus generally employs chip tray 
holder 5 shown in Fig. 4 or a holder (not shown) similar 
to holder 5. For example, four chip trays 6 are disposed 
on chip tray holder 5 shown in Fig. 4. In order to 
supply chips to the chip mounting apparatus, chip tray 
holders 5 are accommodated in substrate magazine 1 shown 
in Fig. 1 and Fig. 2, and chip tray holders 5 are fed one 



by one with a movable stage to a position where chip 
transport head 7 can pick up a chip, or each holder is 
provided with a movable stage to transport that holder to 
a position where a chip can be picked up. 

5 Now, description is made for a procedure of 

.«• 

mounting a chip with such a chip mounting system. First, 
chip pickup head 8 picks up a chip from chip tray holder 
5 and passes the picked chip to chip transport head 7. 
Chip transport head 7 passes the received chip to chip 

10 mounting head 17 (see Fig. 2). During the movement for 
passing the chip, carried-chip recognizing camera 9 
measures the positional relationship between chip 
transport head 7 and the chip. Chip mounting head 17 
receives the chip after it corrects displacements of the 

15 chip based on the positional relationship measured by 

carried-chip recognizing camera 9 with an XY 6 axis 
provided on the head side. 

Subsequently, chip/substrate recognizing camera 10 
recognizes the chip absorbed and held by chip mounting 

20 head 17 and a substrate on stage 3, and an amount of 

positional correction is measured. Then, displacements 
are corrected with the high-precision XY 0 axis provided 
on the side of chip mounting head 17, and the chip is 
mounted on one of discrete substrates in the substrate. 

25 After chips are mounted on all the discrete substrates in 
the substrate, the substrate is taken out to complete the 
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sequential operations . 

The aforementioned conventional chip mounting 
system has problems as described below. 

Since the substrate supply apparatus is designated 
to deal with a substrate for multiple devices, the chip 
mounting apparatus is configured such that stage 3 
absorbs the entire substrate for multiple devices to 
allow chips to be mounted all over the substrate for 
multiple devices except the area to be discarded. Thus, 
it is necessary for chip mounting head 17 or stage 3 to 
have a movable axis stroke corresponding to at least the 
mounting area of the substrate. 

Such a large movable axis stroke, however, involves 
an increase in size of an XY stage. As a result, the 
substrate supply apparatus and thus the chip mounting 
system equipped with the substrate supply apparatus are 
inevitably increased in size. In addition, since high 
precision becomes more difficult to achieve as the stroke 
is greater, flip chip mounting for which highly precise 
alignment is requisite needs a considerably expensive XY 
stage for providing higher precision. 

The aforementioned chip tray holder 5 necessarily 
has a large area due to four chip trays 6 disposed 
thereon. The use of chip tray holder 5 with a large area 
requires not only a movable axis in the chip supply 
apparatus for transporting a chip to a chip pickup 



section but only a large movable stroke corresponding to 
chip tray holder 5. To provide such a large movable 
stroke, the apparatus itself is inevitably increased in 
size, and the apparatus becomes expensive. Also, when a 
5 number of types of devices are handled, it is necessary 
to provide an increased amount of occupied space and an 
increased number of movable axis strokes in proportion to 
the number of the types. 

In bare chip assembly operation, a clean room is 
10 used for the purpose of preventing dust from affecting 
products since dust, motes, dirt and the like have 
influence on manufacturing yields. Thus, the 
conventional chip mounting apparatus typically uses 
materials or parts which may generate no dirt or dust in 
15 consideration of cleaning assuming that it is installed 
and used in the clean room. 

The chip mounting system emphasizing the 
consideration of the cleaning itself generates no dirt or 
dust, but cannot remove motes present in the atmosphere. 
20 Thus, such an apparatus need be installed in a facility 
such as a clean room where the degree of cleanness is 
managed. Therefore, the construction of a chip mounting 
line involves a problem of an extremely high cost for 
constructing a facility such as a clean room and a 
25 problem of high running costs thereof. 

SUMMARY OF THE INVENTION 



5 



It is an object of the present invention to provide 
a substrate supply method which allows a reduced size and 
a lower cost for a substrate supply apparatus, a chip 
supply apparatus, and a chip mounting apparatus. 
5 It is another object of the present invention to 

provide a substrate supply apparatus, a chip supply 
apparatus, and a chip mounting apparatus intended^ for a 
reduced size and a lower cost. 

It is still another object of the present invention 
10 to provide a chip mounting system which locally cleans 
the inside of the apparatus (removes motes and dust in 
air in the apparatus) without cleaning the entire 
facility. 

According to a first aspect of the present 
15 invention , the form of a supplied substrate is a discrete 
substrate or an independent unit substrate consisting of 
a plurality of discrete substrates. Thus, the area for 
mounting chips onto the substrate can be limited within 
the unit substrate to allow a reduction in movable axis 
20 stroke of a chip mounting head or a stage. 

According to another aspect of the present 
invention, in the substrate supply apparatus, a transport 
conveyor can be moved for a length corresponding to the 
size of a discrete substrate, and the area of a stage for 
25 substrate disposition corresponds to the size of the 
discrete substrate . 
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Thus, the area for mounting chips onto the discrete 
substrate can be limited within the discrete substrate to 
allow a reduction in movable axis stroke of a chip 
mounting head or the stage. In addition, since the 
5 surface of the stage for substrate disposition 

corresponds to the size of the discrete substrate, the 
stage can be reduced in size to enable a reduced size and 
a lower cost of the apparatus. 

According to another object of the present 
10 invention, in the chip supply apparatus, chip trays are 
stacked in a plurality of layers and the lowermost chip 
tray is transported to a chip supply stage. Thus, a 
movable stroke of transport means can be reduced as 
compared with the use of a chip tray holder for arranging 
15 a plurality of chip trays in a single layer as is 
conventional. In addition, since a tray stage is 
disposed near the chip supply stage, a movable axis of 
the transport means for moving chips to the chip supply 
stage serving as a chip pickup section can be reduced, 
20 thereby allowing a reduced size and a lower cost of the 
apparatus . 

According to another aspect of the present 
invention, the chip mounting system includes a box for 
surrounding an area in which the substrate and the chip 
25 are transported as a substantially closed space and a 
clean fan for flowing clean air into the closed space. 



Thus, the chip mounting apparatus alone can achieve 
cleaning with no need for installation in a clean room to 
eliminate the need for a clean room facility, resulting 
in lower running costs . 

A substrate magazine for housing substrates is 
formed to have openings at the front and back thereof and 
to have side plates covering its four faces, and one of 
the openings of the substrate magazine is connected to 
the closed space to cause the other opening of the 
substrate magazine to serve as a discharge port of the 
closed space. It is thus possible to clean substrates 
for supply housed in the substrate magazine. 

The above and other objects, features, and 
advantages of the present invention will become apparent 
from the following description based on the accompanying 
drawings which illustrate an example of a preferred 
embodiment of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view showing a prior art of a chip 
mounting system; 

Fig. 2 is a front view of the chip mounting system 
shown in Fig. 1; 

Fig. 3 is a diagram for explaining a prior art chip 
mounting method; 

Fig. 4 is a plan view showing a chip holder on 
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which chip trays are disposed; 

Fig, 5 is a plan view showing a chip mounting 
system according to an embodiment of the present 
invention; 

5 Fig. 6 is a front view of the chip mounting system 

shown in Fig. 5; 

Fig. 7 is a plan view of a substrate carrier for 
accommodating discrete substrates; 

Fig. 8 is a cross sectional view of a main portion 
10 of the substrate carrier shown in Fig. 7; 

Fig. 9A to Fig. 9D are diagrams for explaining a 
substrate supply method of the present invention; 

Fig. 10 is a diagram for explaining the substrate 
supply method of the present invention; 
15 Fig. 11 is a perspective view showing a schematic 

configuration of an exemplary chip supply apparatus of 
the present invention; 

Figs. 12A and 12B are diagrams for explaining a 
chip tray supply method with the chip supply apparatus 
20 shown in Fig. 11; 

Fig. 13 is a schematic diagram for explaining the 
cleaning in the chip mounting system; 

Fig. 14 is a perspective view showing a schematic 
configuration of a substrate magazine; 
25 Fig. 15 is a conceptual view for explaining the 

cleaning in the chip mounting system using the substrate 
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magazine; 

Fig. 16 is a schematic diagram showing a mounting 
line configured by connecting a plurality of chip 
mounting apparatuses; 

F ig* 17 is a plan view showing an example of a 
substrate for multiple devices; and 

Fig. 18 is a diagram for explaining a substrate 
supply method using the substrate for multiple devices. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to Figs. 5 and 6, there is shown a 
chip mounting system 11 including a substrate supply 
apparatus for supplying a substrate, a chip supply 
apparatus for supplying a chip, and a chip mounting 
apparatus for mounting a chip on a substrate. 

Prior to the description of chip mounting system 11, 
description is first made for a configuration of a 
substrate for use in chip mounting system 11. The form 
of the substrate when supplied to chip mounting system 11 
is a discrete substrate U as shown in Fig. 7 or an 
independent unit substrate (not shown) consisting of a 
plurality of discrete substrates, when the unit 
substrate is used, four (two rows-by-two columns) 
discrete substrates U are grouped into one unit substrate 
if the size of one discrete substrate U is small, for 
example with each side of 15 mm or smaller, and the unit 
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substrate is divided into the discrete substrates after 
flip chip mounting. 

Such a discrete substrate U or a unit substrate , 
which has been previously accommodated in pocket 13 of 
5 substrate carrier 12 as shown in Figs. 7 and 8, is 
carried and supplied to chip mounting system 11. 
Substrate carrier 12 is formed such that a dimension a 
from the front end at the transport is always fixed 
regardless of the type of a chip and thus a fixed value 

10 for different substrate sizes regardless of the sizes. 
For a dimension b, pocket 13 is formed to provide an 
optimal arbitrary pitch for each type of a substrate. 
While the outer dimensions of substrate carrier 12 may be 
arbitrarily sized in accordance with a product size to be 

15 carried , the outer dimensions are preferably fixed so 

that the apparatus configuration can be more simplified. 

Next, description is made for the mechanism of the 
substrate supply apparatus in chip mounting system 11. 
Figs, 9A to 9D show the mechanism for supplying a 

20 discrete substrate U to stage 14. As shown in these 
figures, substrate carrier 12 is transported in a 
horizontal direction by transport conveyor 15. Transport 
conveyor 15 consists of a plurality of conveyor belts, 
and the interval between both edges of conveyor 15 is 

25 adjustable in accordance with the size of substrate 
carrier 12 with respect to the center. 
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Stage 14 is of rectangular shape in a plan view and 
has a notch formed thereon. The top surface of stage 14 , 
i.e. a surface on which a discrete substrate U or a unit 
substrate is disposed, is sized and shaped in accordance 
with the size of the discrete substrate U or the unit 
substrate. In this example, the size is slightly smaller 
than the size of pocket 13 of substrate carrier 12. 

With such a configuration, the front end of 
substrate carrier 12 is transported to a position above 
stage 14 by transport conveyor 15 as shown in Fig. 9B and 
abuts against substrate stopper 16 provided near stage 14 
for positioning. The abutting surface of substrate 
stopper 16 is disposed at a position spaced from the 
center of stage 14 by the distance a defined in Fig. 7. 
Since the dimension a from the front end of substrate 
carrier 12 is always fixed regardless of the type of a 
chip as described above, the center of the discrete 
substrate U or the unit substrate is located at the same 
position as the center of stage 14 irrespective of the 
size of the discrete substrate or the like. 

After substrate carrier 12 is positioned by 
substrate stopper 16 in this manner, substrate stopper 16 
and transport conveyor 15 are lowered as shown in Fig. 9C 
to bring the discrete substrate U or the unit substrate 
into contact with stage 14 with the discrete substrate U 
or the unit substrate being disposed on the surface of 
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stage 14. At this point , the lowering distance of 
transport conveyor 15 can be arbitrarily set to a 
position lower than the position where substrate carrier 
12 comes into contact with stage 14, or to a position 
where substrate carrier 12 does not come into contact 
with stage 14. While a motor or an air cylinder can be 
used to drive transport conveyor 15 upward and downward , 
an inexpensive air cylinder is suitable since precise 
vertical positioning is not required and the stop 
positions are two. 

While transport conveyor 15 is vertically moved in 
this example, the vertical driving mechanism may be 
provided not on the side of transport conveyor 15 but on 
the side of stage 14 for moving stage 14 vertically. Such 
a vertical driving mechanism for transport conveyor 15 or 
a vertical driving mechanism for stage 14 constitutes 
holding means in the substrate supply apparatus of the 
present invention for holding the discrete substrate U or 
the unit substrate in substrate carrier 12 on stage 14. 

After the discrete substrate U or the unit 
substrate is disposed and held on stage 14 in this manner 
and a chip (flip chip) is mounted thereon as described 
later, transport conveyor 15 is raised to the original 
position and is driven to move substrate carrier 12 to 
the next discrete substrate U or the unit substrate in 
substrate carrier 12 as shown in Fig. 9D. At this point, 
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transport conveyor 15 is adapted to forward a substrate 
carrier 12 by the length corresponding to the size of the 
discrete substrate U, that is, the dimension b shown in 
Fig* 7 in this example. The dimension b for forwarding 
can be arbitrarily set with a control program for the 
apparatus. Such a configuration allows transport 
conveyor 15 to forward all the discrete substrates U 
accommodated in substrate carrier 12 to a position above 
stage 14 sequentially from the front end of substrate 
carrier 12 for mounting chips. 

Thereafter, lowering the conveyor, mounting a chip, 
raising the conveyor, and moving the carrier are repeated 
to thereby allow the transport of all the discrete 
substrates U on substrate carrier 12 to a position above 
stage 14 and chip mounting. To prevent influences on the 
mounting cycle, it is preferable that a series of 
operations of the transport, holding and fixing of 
substrates are performed in parallel with the operations 
of supply of chips to mounting head 17 and recognition of 
chips, later described, and that the series of operations 
of the transport, holding and fixing of substrates are 
ended by the time the mounting preparation of chips is 
completed. 

A stepping motor or a servomotor is preferably used 
to horizontally drive transport conveyor 15. The use of 
such a motor can easily realize the pitch setting for the 
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dimension b in Fig, 7. 

Such a mechanism of the substrate supply apparatus 
can readily achieve the automatic transport of the 
substrates at low cost without requiring a driver for 
stage 14. 

Since a mountable range, i.e. the moving range of 
chip mounting head 17 as shown in Fig. 10 can be limited 
to one discrete substrate U or one unit substrate (not 
shown) , the stroke of a driving axis required for the 
positioning of a chip and a discrete substrate U can be 
made to a minimum short (small) stroke. Thus, the 
apparatus configuration can be reduced in size, and a 
reduced size and higher precision of a driving system can 
be achieved due to the shortened (reduced) stroke. 

While a driving unit for transport conveyor 15 may 
be disposed on the side of substrate stage 14, the driver 
can be provided on the side of a chip absorbing head 
because of the small stroke and the reduced size, and in 
this case, a drive unit on the side of stage 14 is not 
required. 

In this manner, according to the embodiment, it is 
possible to simultaneously realize a reduced size, higher 
precision, and lower cost of the substrate supply 
apparatus . 

Next, description is made for the mechanism of the 
chip supply apparatus in chip mounting system 11. 
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Fig. 11 shows a schematic configuration of the chip 
supply apparatus. The chip supply apparatus is 
configured to supply chips to chip supply stage 18 of the 
chip mounting apparatus. 

Tray stage 19 is disposed near chip supply stage 18. 
Tray stage 19 is provided with tray guide 20 consisting 
of four L-shaped guides for holding chip trays 6 which 
accommodate and hold a plurality of chips, respectively. 
Chip trays 6 are held in tray guide 20 with stacked each 
other. Projection 6a for preventing displacements is 
typically formed on chip tray 6 as shown in Figs. 12A and 
12B for preventing displacements when chip trays 6 are 
stacked one on another. Thus, when chip trays 6 are 
stacked in layers, each of chip trays 6 cannot be 
extracted by simply pushing it from the side. 

Tray clamper 21 (tray holding means) and tray 
pusher 22 (transport means) are also provided on tray 
stage 19. Tray clamper 21 serves to hold the second chip 
tray 6 from the bottom of stacked chip trays 6 to 
separate the lowermost chip tray 6 from the remaining 
chip trays 6 as shown in Figs. 12A and 12B. Tray pusher 
22 serves to push out the lowermost chip tray 6 separated 
from the second chip trays 6 from the bottom by tray 
clamper 21 to transport it to chip supply stage 18 as 
shown in Fig. 11. 

To supply those stacked chip trays 6 one by one by 
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such a chip supply apparatus , first , tray clamper 21 
catches the second chip tray 6 from the bottom, and tray 
stage 19 is lowered or tray clamper 21 is raised together 
with stacked chip trays 6 to lift chip trays 6 except the 
lowermost chip tray 6. Under the condition , tray pusher 
22 transports the lowermost chip tray 6 separated from 
lifted chip trays 6 to chip supply stage 18, Chip supply 
stage 18 has tray stopper 23 that can be protruded or 
retracted therefrom, and positions transported chip tray 
6 by the abutment against tray stopper 23. 

For vertically driving tray clamper 21 or tray 
stage 19, an inexpensive driver such as an air cylinder 
can be used since the stop positions are two and high 
positioning precision is not required. A rubber or the 
like to prevent slipping may preferably be sticked on the 
surface of tray clamper 21 that comes into contact with 
the tray. 

Tray pusher 22 is driven by an air cylinder or the 
like, and stroke ranges from a position where it is not 
in contact with chip tray 6 in tray guide 2 0 to a 
position near tray stopper 23. 

Chip tray 6 is thus transported to chip supply 
stage 18 and positioned to allow the transport of chips 
with a chip transport head. That is, chips tray 6 can be 
accessed from the top surface so that the chips in chip 
tray 6 can be picked up. 
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After all the chips in chip tray 6 have been picked 
up, tray stopper 23 is retracted with an air cylinder or 
the like. As a result, tray pusher 22 is moved to the 
stroke end near tray stopper 23 and discharges empty chip 
5 tray 6 into empty tray box 24. 

Thereafter, tray pusher 22, tray stage 19, and tray 
clamper 21 are returned to their initial positions with 
the apparatus being in the initial state. The operations 
are subsequently repeated, and the chips can be picked up 

10 from all the trays stacked. 

Therefore, with the chip supply apparatus, stacked 
chip trays 6 can be transported one by one to allow chips 
to be picked up from that transported chip tray 6. As a 
result, the chip supply apparatus and the chip mounting 

15 apparatus including the chip supply apparatus can be 

formed with extremely simple mechanisms and reduced sizes 
to provide space saving. 

Next, a description is given for a clean booth 
provided in chip mounting apparatus 11. 

20 Chip mounting system 11 includes a cleaning 

mechanism which eliminates the need of installation of 
chip mounting apparatus 11 in a clean room. That is, 
cleaning of the inside of the apparatus as well as 
cleaning during transport of members between the 

25 apparatuses are intended because dust prevention is 
requisite in manufacturing processes. 
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Fig. 13 is a schematic diagram illustrating a 
mechanism for cleaning the inside of the chip mounting 
apparatus. In the example shown in Fig. 13, two chip 
mounting apparatuses 11 are disposed side by side and 
connected to each other through a conveyor. 

Each of two chip mounting system 11 is divided into 
two near the center in the vertical direction, and the 
upper half in which substrates and chips are transported 
is cleaned. 

Specifically, the upper half is formed as a closed 
space by a box, a dividing plate or th^ like of the chip 
mounting apparatus, and clean fan 25 is installed at the 
top of the apparatus to allow the passage of air into the 
closed space. Clean fan 25 blows clean air into the 
closed space and is a normal fan to which a dust 
preventing filter is attached and commercially available. 

It is desirable to maintain the degree of cleanness 
in the apparatus by setting the air pressure in the 
apparatus higher than the outside air pressure to prevent 
the outside air from flowing into the apparatus. To 
provide a higher degree of cleanness, it is desirable to 
increase hermeticity of the apparatus and to provide a r 
discharge port at as low a portion as possible in the 
clean area. 

In the example shown in Fig. 13, substrate magazine 
2 6 for accommodating substrates is formed to have 
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openings at the front and back and side plates covering 
its four faces as shown in Fig. 14. One of the openings 
of substrate magazine 26 is coupled to the closed space 
as shown in Fig. 13 to cause the other opening of 
substrate magazine 26 to serve as the discharge port of 
the closed space. Thus, clean air flowing from clean fan 
2 5 passes through the closed space and is directed toward 
substrate magazine 26, and is discharged therefrom, when 
two chip mounting apparatuses are connected through 
substrate transport conveyor 50 as shown in Fig. 13 , 
cover 2 7 is preferably put on substrate transport 
conveyor 50 such that a substrate is not exposed to the 
outside air during transport between the apparatuses. 

While the cleaning in the apparatus can be achieved 
with such a mechanism, members also require 
countermeasures against dust prevention until they are 
supplied to the apparatus. Thus, description is made for 
the members and the countermeasures for dust prevention. 
The members to be supplied are substrates and bare chips, 
and a dust preventing method for each. of them is 
described. 

First, a dust preventing method for substrates is 
described. Substrate magazine 26 with such a 
configuration as shown in Fig. 14 or the like is used. 
Substrate magazine 26 has grooves formed on its side in 
which the edges of substrates or substrate carriers are 



held to allow the substrates to be housed at regular 
intervals vertically. 

The variations in substrate size among different 
types are accommodated by adjusting the interval between 
the side plates. This is a typical configuration of the 
magazine. Dust prevention is easily attained until 
substrate magazine 26 is set to substrate loader 28 of 
the apparatus by covering the front and back faces of 
magazine 2 6 with shields such as plates only during 
transport between the apparatus and another apparatus. 

Fig. 15 shows an example of the dust prevention 
method for substrates after substrate magazine 2 6 is set 
to chip mounting system 11. After substrate magazine 26 
accommodating substrates S is set to substrate loader 2 8 
with plates for shielding outside air attached to the 
front and back of substrate magazine 26 , the plates for 
shielding outside air at the front and back are removed. 
Substrate loader 28 is a mechanism for feeding substrates 
S one by one. Substrate loader 2 8 has a vertically 
driven mechanism for raising substrate magazine 26 after 
feed of one substrate to lift the next substrate S to a 
height equal to substrate transport conveyor 27. 

A plurality of slits 29 are formed on the side of 
the apparatus in a vertically moving range of substrate 
magazine 26 through which the clean air flowing into the 
apparatus from clean fan 25 is discharged. Thus, even 
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when substrate magazine 26 is at any position, it is 
always within the range in which slits 29 are formed. 
With this configuration, the clean air flows into 
substrate magazine 26 to prevent dust in the outside air 
5 from becoming attached to the substrate. Dust prevention 
can also be achieved in the same manner during discharge 
of the substrates . 

Next, dust prevention for bare chips is described. 
Since bare chips are disposed in stacked chip trays 6 in 

10 the chip tray supply method shown in Fig. 12, dust 

prevention during transport is possible only by putting a 
cover on the uppermost one of stacked chip trays 6. In 
addition, since the chip tray supply unit is placed in 
the cleaned apparatus, only the removal of the cover is 

15 needed after the supply to the apparatus. 

As described above, according to the chip mounting 
apparatus of the embodiment, it is possible to realize a 
flip chip mounting line which requires no clean room by 
cleaning the inside of the apparatus and by preventing 

20 dust during the transport of the members between the 
apparatuses . 

Next, the operation of chip mounting system 11 
shown in Figs. 5 and 6 is described. 

First, a substrate is supplied from substrate 

25 magazine 26 loaded in substrate loader 28 onto substrate 
transport conveyor 50. The substrate is carried to a 
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position above stage 14 by substrate transport conveyor 
50. Substrate transport conveyor 50 (i.e. transport 
conveyor 15) is lowered in the method shown in Fig. 9 to 
absorb the substrate by stage 14, thereby supplying the 
substrate to stage 14. While stage 14 can be heated to a 
predetermined temperature by heater 30, heater 30 need 
not be provided if heating is not required in the 
mounting. 

On the other hand, in the chip supply apparatus, 
bare chips (chips) are arranged on chip tray 6 with the 
circuit surfaces thereof facing upward, and chip trays 6 
are stacked in a plurality of layers and supplied to tray 
guide 20 (see Fig. 11) of chip tray supply unit 31. The 
lowermost chip tray 6 is pushed out by tray pusher 22 and 
supplied onto chip supply stage 18 as described in Fig. 
12. Chip transport head 32 is used to carry a bare chip 
on chip supply stage 18 to chip mounting head 17. 

Chip transport head 32 is disposed on an XY stage 
and movable to a position above a bare chip at an 
arbitrary position in chip tray 6. Since the XY stage 
does not require high precision, an inexpensive stage 
commercially available can be used therefor. 

After chip transport head 32 is moved to a position 
above a desired bare chip in chip tray 6, it is lowered 
to the bare chip surface and holds the bare chip with 
vacuum absorption. Chip transport head 32 carries the 
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absorbed and held bare chip to a position below chip 
mounting head 17 and reverses its end portion 180 degrees 
vertically, and then chip mounting head 17 is lowered to 
the bare chip surface and holds the bare chip with 
absorption , thereby completing the transport of the chip 
to chip mounting head 17. 

When chip transport head 32 absorbs the chip, the 
clearance between the pocket in tray 6 and the bare chip 
produces displacements of the absorbed and held bare chip 
in the XY 0 directions. Immediately before the bare chip 
is mounted on the substrate thereafter, the displacements 
of the substrate and the bare chip can be corrected on an 
XY 0 stage on chip mounting head 17 , and the 
displacements normally present no particular problems. 
However, when a mounting method is employed in which a 
sealing resin may reach the chip mounting head during 
mounting, a problem may occur in which the sealing resin 
is adhered onto the chip mounting head and is hardened 
if the bare chip is displaced and deviated from the chip 
absorbing portion of the chip mounting head since the 
chip absorbing portion of the chip mounting head is 
designed to be smaller than the bare chip. 

To prevent this, if such a mounting method is 
employed, the displacements need be corrected in passing 
the bare chip to chip mounting head 17. In this case, 
the aforementioned problem can be solved by placing 
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carried chip recognizing camera 9 between chip tray 
supply unit 31 and chip mounting head 17. 

Carried chip recognizing camera 9 measures the 
amount of displacements during the transport of the bare 
chip, and chip mounting head 17 receives the bare chip 
simultaneously with the correction of the displacements 
on the side of chip mounting head 17. it is thus 
possible to avoid the displacements of the bare chip from 
chip mounting head 17. 

In the embodiment, chip tray supply unit 31 
employing a mechanism in a scheme in which the lowermost 
one of stacked chip trays is supplied sequentially, shown 
in Figs. 11 and 12, is disposed for supplying the bare 
chips in chip trays 6. However, when the chips are 
supplied as a wafer, chip tray supply unit 31 in the 
embodiment may be replaced with a wafer supply unit for 
supplying each bare chip from the wafer. 

Next, description is made for a process of mounting 
bare chips on a substrate. 

A bare chip supplied to chip mounting head 17 is 
aligned with a substrate through chip/substrate 
recognizing camera 10. Chip/substrate recognizing camera 
10 is disposed on an XY stage and is movable to a 
position directly below chip mounting head 17, and can 
capture images of the chip and the substrate. After 
desired images are captured, chip/substrate recognizing 
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camera 10 is retracted. Chip/substrate recognizing 
camera 10 is configured to capture both of the images by 
two optical systems which are equipped with cameras, 
respectively, or by one camera which includes optical 
5 systems switched as required. 

The captured images are analyzed and processed by 
an image processing device to derive relative 
displacement amounts of the chip and the substrate. 
Based on the displacement amounts, the XY 0 stage 
10 disposed on chip mounting head 17 is used to correct the 
positions such that the bare chip is in a proper position 
with respect to the substrate. 

After the positional correction, chip mounting head 
17 is lowered by Z stage 3 3 which is fixed to X stage 
15 holding frame 34. When the bare chip comes into contact 
with the substrate, the bare chip is pushed against the 
substrate at an arbitrary pressure by pressurizing motor 
35. Pressurizing motor 35 is fixed to pressurizing motor 
holding frame 36 provided independently of Z stage 3 3 for 
20 preventing the reactive force to the applied pressure 
from affecting the precision of the mounting position. 
However, if the applied pressure is within a range in 
which no influence is exerted on the mounting precision, 
the frames need not be provided individually, and it is 
25 desirable to use one frame for a lower cost. 

Some mounting methods may require heating of the 
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bare chip at the application of the pressure. In this 
case, a heating tool such as a ceramic heater or a pulse 
heater may be provided on chip mounting head 17 to meet 
such a need. 

5 After the mounting is completed, the next substrate 

is supplied in the method shown in Fig. 9, and the 
aforementioned mounting processes are repeated. Upon 
completion of mounting for all the substrates in the 
substrate carrier, the substrates are accommodated into 

10 substrate magazine 26 oh substrate unloader 37 through 
substrate transport conveyor 15. 

Chip mounting apparatus 11 in the embodiment is 
provided with clean fan 2 5 (see Fig. 6) at the top of the 
apparatus as shown in Fig. 13 for cleaning the inside of 

15 the apparatus in the method shown in Fig. 13 to maintain 
the degree of cleanness, while loader 28 and unloader 37 
for the substrates are disposed at the front and back of 
the apparatus, loader 2 8 and unloader 3 7 are not 
necessarily required since the substrate may be manually 

20 supplied. 

According to the embodiment, the use of the method 
of supplying a substrate formed of discrete substrates 
and the use of the method of supplying a bare chip in the 
scheme shown in Figs. 11 and 12 can minimize the number 

25 of movable axes in the apparatus and the strokes of the 
movable axes. Thus, a compact mounting apparatus can be 
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realized at low cost, and the cleaning in the apparatus 
can be achieved by disposing clean fan 25 therein. 

The aforementioned embodiment describes a case 
where one flip chip mounting apparatus (chip mounting 
apparatus) is used, and the loader and the unloader are 
combined to supply and accommodate the substrates. 
However, a plurality of chip mounting apparatuses may be 
coupled to constitute a mounting line. An example 
thereof is shown in Fig. 16. 

In the example shown in Fig. 16, one resin applying 
apparatus 38 and two chip mounting apparatuses 11 are 
coupled in a line, and substrate loader and unloader 2 6 
are disposed at the front and back thereof. Since the 
resin applying apparatus has a cycle equal to or less 
than a half of that of a normal chip mounting apparatus, 
more efficient production is possible when a plurality of 
chip mounting apparatuses (flip chip mounting 
apparatuses) 11 are coupled to one resin applying 
apparatus . 

In addition, a plurality of resin applying 
apparatuses 38 may be coupled in consideration of 
production balance such as the difference in cycle 
between resin applying apparatus 38 and chip mounting 
apparatus 11, or the number of coupled chip mounting 
apparatuses 11. 

Resin applying apparatus 38 can be disposed at the 
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front or the back depending on the mounting method. The 
apparatus configuration can be flexibly changed in 
accordance with the mounting method , and for example, 
resin applying apparatus 38 is disposed at the front in a 
mounting method in which a resin need be applied before 
mounting, or at the back in a mounting method in which a 
resin is used for underfill after mounting. 

While the embodiment employs a discrete substrate 
or a unit substrate as the form of a substrate when 
supplied and the transport of substrate carrier 12 
through the conveyor, a substrate for multiple devices 
may be used as the form of a substrate. Fig. 17 shows an 
example of a substrate M for multiple devices, and an 
example of grouped substrates formed of a plurality of 
individual products (discrete substrates U) coupled 
together. While the products are placed in a line, the 
method shown in Fig. 9 may be used for a plurality of 
lines . 

Fig. 18 illustrates a method of supplying a 
substrate M for multiple devices to substrate stage 14. 
The basic principle thereof is the same as that of the 
method of supplying a discrete substrate U in Fig. 9. 
Specifically, the substrate M is carried by a conveyor 
belt in a lateral direction in Fig. 18, and the interval 
between the edges of the conveyor is adjustable relative 
to the center in accordance with the size of the width of 
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the transported substrate. 

The substrate M for multiple devices carried to a 
position above stage 14 is positioned by substrate 
stopper 16 disposed at a position spaced from the center 
of stage 14 by the dimension a defined in Fig. 7. The 
fixed dimension a in the substrate enables the substrate 
M to be handled in the same manner as the case where 
discrete substrates U are accommodated and used in 
substrate carrier 12. Thereafter , transport of the 
substrates and mounting of chips are repeated in the same 
method as shown in Fig. 9. While the size of stage 14 
may be equal to or larger than the size of the substrate 
M for multiple devices, stage 14 is designed to have a 
size smaller than each chip mounting area in this example, 
and substrate support block 3 9 is disposed at a height 
equal to that of stage 14 for supporting the substrate 
extending off stage 14. 

As described above, the method of limiting the 
mountable range to a discrete substrate U is also 
applicable to the substrate M for multiple devices, and 
it is possible to realize a reduced size and a lower cost 
of the apparatus equal to those when a discrete substrate 
is used. However, the substrate M for multiple devices 
has the disadvantage of a higher cost for members as 
compared with a discrete substrate since the substrate M 
necessarily requires an area to be discarded such as a 
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transport section . 

It is to be understood, however, that although the 
characteristics and advantages of the present invention 
have been set forth in the foregoing description, the 
5 disclosure is illustrative only, and changes may be made 
in the arrangement of the parts within the scope of the 
appended claims. 
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